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I n y G a 1-x A s Pj (O^x^l. O^y^l) *»e>3&»J, ^7VKI3^A1G 

a A s av^fcs^fljiy-ificfcVN-C. 
BulB}fc#>f F»©J?»#4>fc< *»CfeV%T0.25/*nia-fci:S*l, 
Z.<b%i3* FM©_blc&£ A lGaAs^7-y FJStf-Sfl, ^^f-T FJffc 

C»#^2] tffffi-fcaSA 1 Ga A s #:*f>f FJffc©#Sf* 

lffi*©3M!»#l/-iF. 

Z.<D?biS4 KM©_hJC_taSA lGaAs*9* FS&JgJfcU 
^©^©JtgPA lGaAs^9 FJf£-$S> 3fejtf>f FM£©#ffi3; T*»* 
Iftic x v * 2/ y BSi^-r * 3 h &#$t tt6 1/ — !f ©»3S*«6- 
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[0 0 04] 

7 7>f/t«lMi:lt, **5fcffi;d500mW£*_L. Hffl^m^Jl50mWJgA 

fcV^H:, Mx.li^^0.87AmT(Z)«i:^a^miJl±. 100/nn<BjR-?'T?ll. 
3W, 2OO,ctmiI@0^ , ?fl6.5W#^££;riTV'»§ (S. O'Brien, H.Zhao and R.J. La 
ng, Electronics Letters, Vol.34, No. 2, p. 184 (1998)#M)o 
[0 0 0 5] 

U Tt^SM^f KM) &Al7U-fcLTAl<D»ffcK:J:*^»«fcl«%l»JhL, 

IfCAlGaAsOTLT, iffffl2rtfc&3tJ*T?£S J: 3 K l/-if £ 

JtlgLfc (##^Cl^l : T.Fukunaga, M.Wada, H.Asano and T.Hayakawa, Japan 
ese Journal of Applied Physics, Vol.34, No.9B, P.L1175 (1995)#M) . 
[0 0 0 6] 

z<D*mm%btfmmLfc¥m&\s-*fizi$\,yx. inGaP^>y k«©jp 

(T) ttttmm*% Z.<Dt=.®>. X \> : ?>(7m-&50»m<D'rA>(* 
&APC (Automatic Power Control) ^E— KlCT500mW, 50*0 iZX^ — *Jy if L 

fcm<Dmmn$i<D&itm*. T>mxs xio~ 5 h _1 £jtiKi$:*:£^ofc„ 

* h^y(g#200,tim©5 2 /W;*£APC ; E- KlCT2000mW. 25tlCTo: 
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T, ifi^;Mt&0ofc¥^l'-*f%^e>*lTV^ (##3$Ci8K2 : J. K. Wade, L. 
J.Mawst, D.Botez, R.F.Nabiev, M.Jansen, L.A.Morris, Appl. Phys. Lett. Vo 
1.72, No.l, P. 4 (1998)afcOHC, #=#:fcjt& 3 : M.A.Emanuel , J.A.Skidnore, R.J 
.Beach, SPIE Proceeding, Vol.3001, p. 2 (1997)#M) » 
[0 0 0 9] 

iiSlCfc^TH:, i^7f K®=foAl$:^*^V^J|Sf^P>^bfe^, GaAs« 
mzfe^&?&tfWhlLTm;iZ(Dnffl^M*%-*Z I nG a P£MvaT*;«^ 

[0 0 10] 

MnGaAs P^^-f KM©^^W14jK^3lo T Vn£ fc#>, i *l £ ©JS©!?. 
M K X x y ^ > ^ £ f^ih -T 5 r # Kit £ Z> o 
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-^CpSl n G a A 1 P Bttft&«i2:fHt£fttfft < A 1 G a A s hit 

mmmmmm^m^-^m-t^m^ g a a s m^&w&xizm&mz*^. 

[0 0 13] 

B£IS <5D MM JC J: U -tS 97^/K15:0.1~ 0 . 3 ytt m^^M iPVL^tm T? ^ V ^ > f 
[0 0 14] 

[0 0 15] 

Mx.«A lGaAs^7^KIi:InGaAs P?S14M^&ffi#^fci*rfcM*4 
^©m^, 03lC^-Tcfce>lCjiaSA lGaAs^7>y KMlCGaA s S^lCfe 

lC<fc y, H^CDiry^^y&lCfcV^A 1 G a A s 0>x*/^>2"£ I nG a Pi 

v * y ifWitm k x ih «> s 3 £ # «r m n & z . 

[0 0 16] 

U**L*s#£>, pSA lGaAs?7') KJftncJf A2*ifc I nG a Pfliig 

So Zltltt, ^^S^IC^ICA 1 G a A sM©A s Sr^SlO^mPgTOP^ 
S^L/T, AlGaAs/I nGa P 0>£§HJ l iWC A 1 Ga A s P 
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[0 0 17] 

[0 0 18] 
[0 0 1 9] 

?S1£M^#> ltfM©<k-9iCA 1 £-££&VM n x Gaj. x As y P H (O^x^U 
O^y^l) jfr&fcy, f It ^ 7 >y KIA^A 1 G a A s *^&Sf^l/-f IC 

CD#® £ Tfj^RttJCBS* $ Htc ZL H &#$t £ -T 2> =fe> <D H >&2> „ 
[0 0 2 0] 

65 lc x. y ^ > £T |$ * -t 2> i t -T § *> © T* & & . 

[0 0 2 1] 
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[0 0 2 2] 
[0 0 2 3] 

: T.Hayakawa, T.Suyama, K.Takahashi , M.Kondo, S.Yamamoto, and T.Hijikata 
, Applied Physics Letters, Vol.51, No. 10, p. 707 (1987)#fig) tf&mZ1XT 

[0 0 2 4] 

[0 0 2 5] 
[0 0 2 6] 
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[0 0 2 7] 
[0 0 2 8] 

[0 0 2 9] 

<<)&5„ Ifc^ot, fS!*1.5/niiJeil±i&ST*ofe±ap^^'y K»J?&1 /» 
[0 0 3 0] 
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ZL(D¥m&U— \fl& % n-GaAsSSl (S i =2Xl0 18 cm" 3 K- 
^)0±i:n-GaAsA*/77M2(S i = l X10 18 cm" 3 F-^, 0.5/imK 
n-Al Q 63 Ga 0 3? A s V v K® 3 (S i = 1 X 10 18 c m" 3 K- ^, 1/tm), 
T> K-^SCH^ttM4, p — A 1 0 .63 G a 0.37 A s*9*K«5(Zn=lX10 
18 cm" 3 F-y, lyctm), p-GaAs^t>y^|6(Zn=2Xl0 19 cm" 3 F 
-y, 0.3 /im), <fctfS i OtftmBil fc^LT^So 
[0 0 3 1] 

&£T> K-^SCH?Stt»4ttI n 0 .48 Ga 0.52 PW FM4 a (7> 
, Wg-0.4*m), I n 0.13 Ga 0.87 As 0.75 P fl.25 l? ^ |4b(r:/,f - 

!7\ lOnm), In 0.48 Ga 0.52 PWKi4c(7:/K ~^ Wg=0.4/im) 

[0 0 3 2] 

J£*T, rC^U-lfOSI^^tS. ^-r^EMOCVD^lCcfcU n- 
G a A s 1 _tlCn— G aA sA>y77l2, n-Al qq^G a Q 37 A s 
*;F*3, T> F-ysCH?gtt®4, p-Al 0 63 Ga U7 As^7yKl5, 
p-GaAs*t*;7'l6 ^WH^^M^Sc 
[0 0 3 3] 

7£lC, 7tMJV^77>fi:, H 2 S O 4 :H 2 O 2 :H 2 O=20:l:l^?gS:fl9V>fc 

3CDi:£> p -A 1 0 .63 G a 0.37 A s ^ ^ v F ® 5 £*©T© I n o.48 G a 0.52 
Pft#-f KM 4 c©a:>y^>^^^ 2 OfgJ£JLt*£vv|£^£;BV> 

T, ^-9-oi*y^>^$: I n 0 .48 Ga 0.52 PW KJg4 c ^f?3H£<fc < 

[0 0 3 4] 

y^XvCVDlCi: »J S i 0 2 IBil7 £?£f&U 7* h'JV^77-f t 
oas^©S i 0 2 K5iI7 5:X^f>mit5„ 
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[0 0 3 5] 

&iz, pmwm8 (Ti/pt/Au) *MM&&xfMmmiz& »j?g/£u n- 

GaAsItlCDilS$:, fitCiy, ^**n00~150 itt m^lC^S*"eS< 
•TSo *&IC, n$J«@9 (AuGe/Ni/Au) If feitfiMlCiotf 

[0 0 3 6] 

Ktf-tCcfcsx^^^^ii^^icfcy^yfflb, ^mtf®iiiRW^2o%, misted 
*?^-f zrumm^Z. y-ffl^fiDU— if^-^y&fljy tij-r. r©f ^^Si^n y 

* IC Inli £ ffi V% T P £ b „ 

[0 0 3 7] 

b-if«, ^i&lCi3V^i&:Si&809niii-t*. mmMWLttO~7Mm A 
[0 0 3 8] 

aa-r. 

[0 0 3 9] 

I nG a P}fe#>f KM©JP»Wg#J|&y ^©ffifcfcJiiEfl 
o me (Wg =0.11/im) , 07 (Wg =0.25/£im) fcJ;O!08 (Wg =0.6/* 

m) ic, 25tc, 2wmm&<Dmmmffi<D&i$&tt,Z7K-*o mG&fe&mT'&mit 

[0 0 4 0] 
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[0 0 4 1 ] 
[0 0 4 2] 

Wg=0.6/tmTiilit^ 1 fUiggif Mhttto. Wg=0.4^mffi^t 
[0 0 4 3] 

r^{C^2©HJ^i: IT, ±m<D-&(Dm j 3'<Dm*im^ytftjJ (COD : Catastrop 
hie Optical Damage) $r$fl^b£:„ 01 0 IZm^^oiZ. W g LT %C0D 

^M©<^:e>^cwg(Z)it^:^cJ:ycoD^it^^•r-5zl^:«^v^ 0 t^i^s^, cod 

[0 04 4] 

<D%mMV&mv>fcMm i & { %:U%. 20%, 30%£^£3«^(Z>fSi^S:tf;§gU 
[0 0 4 5] 

e>ic. ^Mb^«3femSJ3g®^fe^S^S^S©^^4^lcJtMLT^:^<ii^: 
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[0 0 4 6] 

f 4©H^i:bT, Wg=0.ll/tm©m^-lC^V^TC0D(7)R f ^#14S:fFffibfc 
[0 0 4 7] 

[0 0 4 8] 

^fe^5©Hl^i:br, a*»ifmcov>Txn-^§PJ: y Mit^c (aj[ 

cm" 1 ]) fflJSIH^Mlfe. ^^3 3tl^>©^tt#i|S|-M5:B^i: IT, 5 

(#F$SlOnm) 5:PiTS^UTM FJgiH^CT^ K-^" I n 

GaP, f*10nm) tlftiS^ KJg£"£t?:£ffc<Z)^*&0.23ju mTr— ^il It, 

115:013 tc^-To 
[0 0 4 9] 

[0 0 5 0] 
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[0 0 5 2] 

[»2] 

[0 0 5 3] 
[0 0 5 4] 

C»3] 




[0 0 5 5] 

SJ:»J» ^—ML^-#F>(Dmtr. Wg=0.mmta i =2cm"l 77 | = 0.7^^ 
ft&tlTV**. H 1 3 tfCDtf-HC-fittt, JjpOJt-fiilbT, «i = NwX2 ( 
cm" 1 ) £>K)£bfcitJ¥ffiT% 3Ufc*§*fcA<-aib-o*s. bfcASt, 

[0 0 5 6] 

£5>lC, NwAU (SQW : Single Quantum Well) £2 (DQW : Double Quantum 
Well) (Dm^iZ-D^X. Wg©liI4Sif4^SltXD-»$:Mbfe 
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[0 0 5 7] 
[0 0 5 8] 

mz. tt&m&momm&miz-D^TMm^z* si6«, ^^©^2©^ 
mj&miz &&¥m<bu-i?(Dmmmm*m&mzm-riba>T'2bz> a m^om*) r 

©^^ftU-lfW:, n-GaAsiS41(S i = 2 Xl0 18 c m~ 3 K- zf)<D±lZ n 
-G a A s A>y77l42(S i = 1 X10 18 cm" 3 K-^, 0.5/tm), n-Al Q5 
5 G a Q 45 A s V^y KJf43(S i = 1 Xl0 18 cm" 3 F-^, lyxm), T> K— ^ 
SCH7S&M44, n-Al 0 65 Ga y5 A s«$£8^Jg45(S i = 1 X10 18 cm~ 3 F 
-y. 0.8/im), n - G a A s ^1146 ( S i = 1 X 10 18 c m" 3 K- ^, 0.01# 
m), p - A 1 0 55 G a 0 45 A s KI47(Z n = 1 Xl0 18 c m" 3 K-^ 1 

Mm), £J:a!p-GaAs^ J ?7^l48(Zn = 2X10 19 cm" 3 K-^ 0.3 /i 

[0 0 5 9] 

fc£T> K-^"SCH?S'ffiM44tt, f KD^fiilitlCl n 0.48 Ga 0.52 P 
KM44a (T> K-y, Wg=0.25*tmK 1 n o.l3 G a 0.87 A s 0.75 P 0. 
25 *^#^M44b (T> R-^ lOnm), 1 n o.48 Ga 0.52 P W KM44c ( 
T>K-y, Wg=0.25^m)^e>^So 
[0 0 6 0] 

Mfc*;, 2 ®©mjemocvdic <t »;#§g-r£„ ^-r^iiag©MocvD^ic^vAT, 

n - G a A s ^&41©_tfC n - G a A s ;1y7 7l42, n- A 1 0 55G a Q 45 A 
sV'jy KM43, T > K-^SCH?S'SM44, n- A 1 Q 65 G a Q 35 A s MffiWk^M 
45, n - G a A s ^«46£Jg7#ttJS-r 5„ 
[0 0 6 1] 

mz. 7* K U Vf^V* H 2 SO 4 :H 2 O 2 :H 2 O=20:l:l2g^-?K$:ffiVNfe 
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#<£*k T> K-^SCH?SffiM44^I n 0<48 Ga 0#52 P«3tf>f FJB44a(7>K- 

Wg =0.25*4 111). I n 0.13 G a 0.87 A s 0.75 P 0.25*^^* 44b (7> ^ 
-:A 10nm), I n Q >4g G a^^PM^f KM44c (T> K~^\ Wg=0.25/t 
m)frt>&Z>t=.&>. ±3 I n Q 4g G a 052 PM>f K«44c ©IftJhlCTacy ^> 

[0 0 6 2] 

-?-©^211IB©M0CVD^i:Lr. p -A 1 Q 55 G a Q>45 A s * 9 y KM47 
£<fctf P -G a A s 3f ^ y ^M48 "T*. 
[0 0 6 3] 

[0 0 6 4] 

#uc. &mwoz$ bizm&mmmmiz'D^Tmwtz* mint, xmrnvm 

m i J Z. Is— *f it. n-GaAsif61(Si = 2X10 18 cm" 3 K-^)© 
±lCn-GaAs/t777f62(Si = lX10 18 cm" 3 F-^ 0.5#mK n- 
A 1 0<6 G a 0#4 A s^5*; KI63(S i = 1 X10 18 c m' 3 K-^, 1/tm), T> 
F-:/SCH$gttJg64, n-Al 0i5 Ga 0 35 AsfM^l66(S i = 1 X10 18 c 
m" 3 K-y, 0.8/tm), p-GaAsfIl67(Si = lX10 18 cm" 3 K-^ 0 
.01 Am), p-Al 0 6 Ga 0 4 AsiH7'y KI65, (Z n = 1 X 10 18 c m -3 
K-"A l#tm), p-Al 06 Ga M Asl2?7^Kl68, (Zn=lXl0 18 
cm" 3 F-^, 1/tm), £<J:tJ!p-GaAs^t7^M69(Zn = 2X10 19 cm' 
3 F-^\ 0.3 /ttm)S:^bTV>So 
[0 0 6 5] 

te&Ty K-^SCH^«64«, ^©HJg^^l^SlC I n 0 48 Ga 0 52 P 
3fcjtf>f F«64a (T> F-"7* Wg=0.25/im), 1 n 0.13 G a 0.87 A s 0.75 P 0. 
25 *^#^M64b (T> K-^ 10nm), 1 n 0.48 G a 0.52 P W Ki64c ( 
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[0 0 6 6] 

jstf, zL&^mfcu—f&mmxmzMwt&o 3 hkd^eemocvd 

lCj:*;^-rSo Si-fgll [SB©MOCVD/&;RlC;£v*T, n-GaAsi«610±fC 
n-GaAs/t«y77l62, n - A 1 Q 5g G a Q 45 A s ^ =y v T> K — 

^"SCH^ttMe^ p — A 1 0 _ 6 Ga M Asf 1 V =7 V KJg65fc J: p - G a A s 
««S67&JB&*tJg-r*. 

[0 0 6 7] 

"TSo #ClC, H 2 SO 4 :H 2 O 2 :H 2 O=20:l:lM^?S$:mv^ffc^ni-/^>^lC<l: 

y> j£©d7&^2ooyttm(Z)^i?-x ^KBt&mjfc-rs. 

[0 0 6 8] 

2 HI g tf)MOCVD$c jH h LT, n-Al„ 65 G a o.35 A s m^^^M66^<kt^ 
p-GaA s&^Jff 67 ^JK^Jf ZKDh^, S i 0 2 v;* *_L&C=fc#£g,H 

J:t?H 2 0<Z)M-a-?glCT^^CDX-/^>^S:b^^ UfeHFtC J: y S i Og 

[0 0 6 9] 

-e©T© P-GaA s^M®67S:H 2 S0 4 , HgOgfe <fctf HgO GD*g-£$[lCT 
Mx*/f>^lfct, ^3 ®@(Z>M0CVD^ICJ; y. p-Al 06 Ga 04 A 
si2^7>y KM68 J3 itfp-GaAs ^r^? >y 69$:tItS„ 
[0 0 7 0] 

[0 0 7 1] 
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[0 0 7 2] 

f UT, 3fc#>f FS£^fc<£*^fr*Stt®««#l$fc, I n x G 

a^ASyP^ (O^x^K O^y^l) T?$>fr&&<. gP#imc««lCte^£| 

(U— a>mfrtLlst=.i>K MftoT^tti <kv^„ ZKDgUctt, l^#Ff iit^3tSi 

[HI] 

[02] 
[S3] 

y >y i?mmmm¥m<b^-vm^m*m-tmi%Mmm 

[04] 

»^F^feW-S3fc«J!©aSf!tlcJtl9'r* rd/rj CDffi®, Kl^*W 
[05] 

*&WK*&ftitM KIIWg=0.4/tm©U y ^tftttS^frU— !f©tt 
[06] 

y >y s;#«»M^##i^-if©ffil&«?«©s^fl:'S:^«WH 

[07] 
[08] 
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[09] 
[01 o] 

[0ii] 

[01 2] 

fcs©«*««3tffi* (cod) am&mt.* m3&m<D\*s®yt&m<?>mm.m£.<Dit 

[013] 
[014] 

[015] 

iftiflfCkft'J ^ ^^g&M^^l^--tf©«^^m^#ttS:^-r^0 
[01 6] 

[01 7] 

1 n — G a A s Hsffi. 

2 n-GaAsA»;77l 

3 n - A 1 0 63 G a 0(37 As^9 KM 

4 T> K-^SCH«&ttJB 
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4 a In 0 .48Ga 0<52 PWFM 

4 b I n Q 13 Ga 0 g7 As 0 75 P Q 25 *^#^M 

4 c In Q 48 Ga 0 52 Ptt*VKS 

5 p — A 1 0 63 G a q 37 A s 9 *y v KM 

6 p-GaAs3f-Yy ^"M 

7 Si 0 2 $fi^m 

8 pWm@ 

9 nffijflm 

41 n — G a A s 3t^£ 

42 n-GaAs^«y77l 

43 n- A 1 o.55 G a 0.45 A s * 9 " KM 

44 T> F-^SCHfgffiJg 

44a In 0<48 Ga 0i52 PM^FS 

44b 1 n 0.13 Ga 0.87 As 0.75 P 0.25*^^ M 

44c In 0i48 Ga 0i52 P»^Fi 

45 n - A 1 Q g5 G a 0 35 A s S^i^I 

46 n - G a A s 

47 P- A1 0.55 Ga 0.45 As ^^^ FjS 

48 p-GaAs#t>^I 

49 p ili 

50 n{|fg 

61 n — G a A s 3£<§ 

62 n-GaAs;1^77l 

63 n-Al 0 6 Ga 0 4 As^7')/Fi 

64 T> K-^SCHigffiJI 

65 p-Al fl 6 Ga Q 4 As^H7'yFi 

66 n-Al 0 65 Ga 0 35 Aslili^M 

67 p - G a A s UMM 

68 p-Al 06 Ga 04 Asl2?7'yFI 
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69 p-GaAs^f^-y^J 

70 p mm® 

71 nfflMM 
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